T he natural history of syringomyelia in nonoperatively treated patients remains unclear. With its pathogenesis not well defined, 13 ambiguity exists with regard to managing this condition, especially when syringomyelia is identified incidentally on MR imaging. Most neurosurgeons would choose to operate when a syrinx is progressing in size or deemed symptomatic. 7 There is no accepted strategy, however, for the management of syringes found on MR images when symptoms are subtle or not thought to be related to the syrinx. Although some other studies have emphasized purely idiopathic syringes, 9 our institution has some cases of Chiari malformation-associated syringes managed without surgery, and the patients are included in the present study.
Many pediatric patients presenting with a syrinx at BCCH also present with a Chiari malformation. Surgical correction of the latter condition often leads to reduction in size of the syrinx. 2, 14 For this reason, many neurosurgeons elect to intervene surgically when a syrinx with tonsillar herniation is present. 1 In idiopathic cases (that is, those unrelated to Chiari Type I malformation), syrinx management is less clear. Management options are dependent on the clinical circumstances and include posterior fossa decompression, syrinx shunting, tethered cord release, or serial imaging observation. 3, 4 Pediatric case studies have demonstrated that syringomyelia can spontaneously resolve if left untreated. 10 As a consequence of these observations, some authors have advocated nonoperative management. 5, 10 This is a sentiment anecdotally shared by many others, 2 and we have generally been following our cases asymptomatic syringes without undertaking surgery. Object. The natural history of syringomyelia in pediatric patients remains uncertain. Although symptomatic and operative cases of syringomyelia are well studied, there are fewer articles in the literature on the nonoperative syrinx and its clinical and radiological course. The purpose of this research was to analyze the natural history of untreated syringomyelia in pediatric patients presenting with minimal neurological symptoms.
Methods. A review of the neurosurgery database at British Columbia's Children's Hospital identified all pediatric patients (< 18 years of age) with syringes identified on MR imaging. Patients were included in this study if they had at least 2 MR images of the spine, at least 1 year apart, while receiving nonoperative treatment. Magnetic resonance imaging was used to determine changes in the size of the syrinx over time. Clinic notes were analyzed to establish demographic and clinical features and to determine any clinical changes over time.
Results. A total of 17 patients were included in the study. Symptoms at presentation were often mild and included limb numbness (3 cases), headaches (2 cases), mild sensory deficits (2 cases), mild motor deficits (3 cases), and intermittent incontinence (7 cases). The consultant neurosurgeon believed that the syrinx was not contributing to the symptoms in these 17 patients. The syrinx either remained unchanged (7 cases) or diminished in size (8 cases) in a total of 15 patients (88%). In the remaining 2 patients the authors noted an increase in syrinx size, in 1 of whom the clinical course also worsened. Both of these patients had a Chiari malformation and subsequently underwent craniocervical decompression. Overall, the mean change was -0.7 mm of maximal axial diameter (range -2.6 to +2.7 mm). Sixteen patients (94%) exhibited no worsening of symptoms over time.
Conclusions. Syringomyelia often remains stable in patients receiving nonoperative treatment. However, given that 2 (12%) of 17 syringes in this series enlarged, it is likely appropriate to include periodic imaging in the follow-up of these cases. Other cases of syringomyelia, while the lesion has not diminished in size, have shown no progress over time. One study analyzing the natural history of syringomyelia in 14 adult patients found disease progression to be slowly progressive or clinically arrested in most clinical cases. 11 Another study in adults reported no neurological deterioration in 8 of 9 asymptomatic patients with syringomyelia. These patients had an associated Chiari malformation and were followed up nonoperatively for 10 years. 12 The natural history of syringomyelia in the pediatric population, however, remains poorly characterized.
At BCCH, our pediatric neurosurgery service advocates nonoperative management when patients are asymptomatic or when patients' symptoms are deemed to be unrelated to the syrinx.
Patients/families frequently have questions regarding the likelihood that the syrinx will enlarge or diminish or become symptomatic in the future-in short, questions about the natural history of the condition. The research study in the present study focuses on this issue by evaluating the clinical and radiological history of these syringes in the pediatric population.
Methods
Ethics approval for the study was obtained from the University of British Columbia and Children's and Women's Health Center of British Columbia research ethics board. A review of the prospectively maintained neurosurgery database at BCCH was conducted, and all pediatric patients (< 18 years of age) diagnosed with syringomyelia were identified, with syrinx defined as a central canal 1 mm or greater in axial size and extending a minimum of 2 vertebral levels. 9 Patients were included in the study if they had a follow-up MR imaging of the spine (at least 1 year from initial imaging study) while being managed with observation for a minimum of 1 year.
A chart review was performed to ascertain clinical signs and symptoms. Clinical status was compared at presentation and at last follow-up to determine any changes in symptoms over time.
A review of all MR imaging studies was conducted to evaluate the change in size of the syrinx in relation to time. Two authors (A.B. and T.B.R.) reviewed all images, blinded to clinical information at presentation and followup. Axial MR images were used to measure both the AP and the transverse diameters of the syrinx. The maximum diameter of these 2 measurements was then recorded. Other information obtained included location and length of the syrinx. The location of the syrinx was determined in relation to the level of the spinal cord. The length of the syrinx was measured on sagittal T2-weighted images.
Comparison of measurements was made between initial MR images and most recent follow-up images to determine the change in maximum syrinx diameter. For consistency, initial AP values and initial transverse values were compared with AP and transverse measurements at follow-up. Depending on the image available (digital or film), digital calipers or rulers (appropriate to the magnification scale on film images) were used for measurements.
For the purposes of this study, any difference in syrinx greater than 1 mm was considered a change in size. This number was chosen because of the potential error in measuring small syringes, both using digital calipers and mechanical ruler measurements.
Results
Syringomyelia was identified in 103 patients in the neurosurgery database. Seventeen patients met the inclusion criteria for the study. The relatively small number of patients eligible for the study was reflective of many patients in our database who underwent surgery, had an associated spinal cord lesion (for example tumor or myelomeningocele), or had no follow-up information (clinical or radiological) available. The ratio of males to females was 10:7. The average age at initial imaging assessment was 8.7 years (range 10 months-16 years). The mean follow-up duration was 3.2 years and the median was 2.3 years (range 1-12.8 years, interquartile range 1.2-4.2 years).
In all cases of syringomyelia in the present population, the lesions were discovered on MR imaging, with the earliest investigation dating to 1997. Syringes were found in 4 patients while ruling out tethered spinal cord. Three patients underwent imaging for scoliosis investigation. Headaches, dizziness, and episodes of syncope led to studies in 3 patients whereas in 2 additional patients imaging was performed for physical injuries. The remaining 5 patients underwent imaging for seizures, cerebral palsy, possible Chiari malformation, and work-up VACTERL syndrome (Vertebral anomalies, Anal or duodenal atresia, Cardiac defects, TracheoEsophageal fistula, Renal anomalies, and Limb malformations).
During the follow-up period, 28 MR imaging in the 17 patients studies were acquired in total, and the number of repeat scans per patient varied between 1 and 4. Ten of 17 patients had 1 follow-up MR imaging study at the time of investigation, whereas the other 7 patients had 2 or more repeat MR imaging studies. Other associated conditions identified on MR imaging included Chiari malformation (5 cases), scoliosis (3 cases), and abnormal vertebral fusion (3 cases). None of the 17 patients had an associated tethered cord.
The syringes were located at all levels of the spinal cord: the cervical (5 cases), cervicothoracic (3 cases), thoracic (8 cases), and thoracolumbar (1 case) spine. In 4 of the 5 patients with cervical syringes, we also documented a second syrinx in the thoracic region. The mean length of the syrinx was 80 mm. When compared against adjacent vertebrae, this corresponded to an average length of 7 vertebral levels.
Patients presented with minimal neurological symptoms, which included occasional numbness/tingling in limbs (3 cases), headaches (2 cases), pain (4 cases), subjective sensory deficits (2 cases), fine and gross motor difficulties (3 cases), bladder incontinence (5 cases), and bowel incontinence (2 cases). Two patients presented with toe-walking. Only 3 patients had no neurological symptoms at initial clinic visit. None of the syringes were believed to be contributing to the symptoms, based on the surgeon's judgment at the initial consultation. The pre-senting symptoms and associated outcomes at the time of clinical follow-up are summarized in Table 1 .
At most recent follow up, 16 of 17 patients showed either no change in symptoms (9 patients [53%]) or an improvement (7 patients [41%]). One patient exhibited a mild worsening of dysphagia, hand weakness, and incontinence. This patient had a cervical syrinx, and was 1 of 2 patients in whom the syrinx increased in size and who underwent surgery. These symptoms did not resolve after foramen magnum decompressive surgery (3-year followup period), and the syrinx has grown slightly in the postoperative period.
Eighty-eight percent of patients (15 of 17) had either no change (7 patients [41%]) in maximum axial diameter or reduction (8 [47%] ) in syrinx size. In 2 patients (12%) imaging documented an increase in syrinx size (increase of 2.7 and 2.1 mm). Figures 1 and 2 highlight the radiological changes over time in syrinx morphology observed in 2 patients.
The average and median for the maximum diameter at initial investigation was 6.1 and 4.4 mm, respectively (range 3.1-13.3 mm). The median change in maximum diameter was -0.9 mm (range -2.6 to +2.7 mm). This means that the typical syrinx was smaller on follow-up than on the original MR image. The transverse measurement was found to be the maximum diameter in 12 (71%) of the 17 cases.
The results are summarized in Table 2 .
Discussion
With the use of MR imaging as a tool for investigation, syringomyelia is increasingly being diagnosed. The majority of neurosurgeons consider surgery in cases involving symptomatic patients with syringes. 7 Debate exists among neurosurgeons as to the appropriate management of a syrinx when patients exhibit minimal symptoms or when the syrinx is detected serendipitously. Some authors have argued that if a syrinx is relatively large, even if patient is asymptomatic, that intervention should be undertaken before symptoms progress. 12 Other authors have presented cases in which syringes may spontaneously resolve if left without surgical intervention.
5,10
Our findings suggest that syringes tend to remain stable in the short term when patients present with minimal symptoms. In 15 (88%) of 17 patients there was no evidence that the syrinx increased in size (7 unchanged lesions, 8 reduced in size) from the initial imaging to follow-up, at least 1 year later. This is consistent with the findings of a recently published study of nonoperated syringes. 9 The decreasing size of the syrinx in 8 patients is in keeping with the previous reports of spontaneous resolution. 5, 10 Interestingly, one of these reported patients exhibited syrinx enlargement at the first follow-up, but nonoperative management was continued based on the clinical circumstance, and an overall reduction in size was noted after 5 further years of observation.
For the 2 remaining patients in whom the lesion neither remained the same size nor got smaller, the syrinx increased in size and surgical intervention was indicated after initial observation. These findings could be related to the fact that both of these patients had associated Chiari malformations and both had large syringes (> 12 mm, the largest 2 in our series) at initial presentation. With a small series, meaningful statistical analysis is challenging, but it is intriguing that both syringes that grew and required surgery were in the cervical spine, were associated with Chiari Type I malformation, appeared distended, and were the largest syringes in our series. In neither case did imaging initially exhibit a signal change above or below the syrinx. It might be that the large, Chiari malformation-associated cervical syrinx, if not initially resected, deserves the closest clinical and radiological follow-up. With 15 individuals (88%) harboring nongrowing syringes and 16 (94%) exhibiting no symptom progression, the clinician might need to consider the frequency and timing of follow-up MR imaging. A survey of pediatric neurosurgeons suggested that many would elect for follow-up MR imaging every 6-12 months to monitor syringomyelia in asymptomatic patients. 7 Magnetic resonance imaging, however, causes anxiety for children and their families 8 and are costly to the health care system. 6 Anesthesia/sedation may be necessary. Given that only 1 of our 17 patients harbored a growing syrinx in the absence of worsening symptoms, the need for frequent imaging could be reconsidered. This is particularly true of the smaller syringes (< 10 mm in greatest cross-sectional diameter), which in our study demonstrated no growth.
Limitations exist with respect to this study. The study relies on a retrospective review, even though it draws from a prospectively maintained database that minimizes ascertainment biases. With 17 individuals, meaningful comparative statistical analysis is challenging, and we rely largely on descriptive analysis. Measuring syrinx size is not perfectly precise, either by digital or manual means. An effort was made to determine the reliability of the measurements of the maximal syrinx diameter. Both a student (T.B.R.) and a neuroradiologist (A.B.) measured the syrinx diameter on MR images, and there was concordance between their measurements, as evidenced by an r value (line of best fit) of 0.94 between their measurements.
However, we only considered a syrinx to have changed if the change in maximum diameter was at least 1 mm.
Conclusions
In syringomyelia, the syrinx infrequently increases in size in conservatively and asymptomatic or minimally symptomatic patients during the early years following detection. Nonoperative management for asymptomatic or minimally symptomatic patients appears to be reasonable. Cervical syringes, associated with Chiari Type I malformation and measuring over 10 mm in greatest axial diameter, may benefit from regular annual followup. Less frequent imaging to detect changes in size seems appropriate in patients with small syringes
